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I.  The  experimental  meteor-burst  radio  communication  systems  known 
at  the  present  time  have  a  carrying  capacity  which  is  considerably  lower 
than  the  one  which  can  be  actually  achieved  in  accordance  with  the 
mechanism  of  meteoric  USNpro^gation.  Thus,  according  to  theoretical 
estimates  (for  exan^le,  jl,  2/),  the  transmitted  frequency  band,  permis¬ 
sible  from  the  standpoint  of  multibeam  (or  multiple)  effects,  may  femount 
to  several  dozen  kilocycles  (kc)  during  a  meteor  burst,  whereas  the 
signaling  speed  of  the  "Janet"  telegraph  system  (3)  only  amounts  to  65O 
binary  elements  per  second.  The  quality  of  meteoric  radio  channels  is 
also  not  sufficiently  high.  For  example,  in  the  "Janet"  system,  the 
preportion  of  distorted  signs  amounts  to  0.2^  and  more.  The  low  effi¬ 
ciency  of  present  meteor-burst  communication  systems  is  due  both  to 
difficulties  in  bviilding  high-spsod  terminal  equipment  for  intermittent 
commimications,  as  well  as  to  the  peculiar  design  of  the  meteoric  radio 
chasanel  proper. 

The  use  of  low- directional  anteimas  is  one  of  the  factors  hindering 
the  realisation  of  the  theoretical  carrying  capacity  in  a  meteor-burst 
system  and  the  achievement  of  hi^-q>’.ality  conmiunications .  It  is  known 
that  an  effective  reflection  is  caused  by  meteor  tracks  formed  \uider 
various  azimuths  on  the  side  of  the  route.  The  useful  sector  covers  a 
range  of  up  to  60  degrees  and  more,  depending  on  the  length  of  the  line. 
The  use  of  hi^- directional  antennas  would  resxilt  in  the  utilization  of 
only  an  insignificant  portion  of  meteor  bursts,  which  could  eventually 
lead  to  a  loss  in  carrying  capacity.  For  this  reason,  present  meteor- 
burst  communication  systems  utilize,  for  transmission  and  reception  pur¬ 
poses,  antennas  with  a  broad  single-or  double- lobe  pattern  (Figure  l), 
and  therefore  with  a  low  gain  and  directive  gain.  This  makes  it  diffi¬ 
cult  to  obtain  hi^  signal/noise  ratios  and  increases  the  probability  of 
interference  with  other  services.  In  addition,  in  case  of  broad  antenna 
radiation  patterns,  the  use  of  signals  arriving  \mder  sharply  differing 
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angles,  and  consequently,  dibbfe  paths  of  different  length, 

constitutes  a  factor  which  has  an  uilfdWiatile  effect  upon  a  h^gh- speed 
intermittent  communication  system.  This  effect  of  “multiple  iiath'', 
propagation  (which  is  not  identical  with  the  effect  of  multihe^  Propa¬ 
gation,  in  which  the  same  signal  arrives  simultaneously  along  different 
paths)  causes  the  time  of  propagation  to  vary  from  one  burst  tO  another. 
The  spread  in  the  signal  running  time  may  amoxmt  to  several  millisfeconds, 
and  this  fact  complicates  the  phasing  of  terminal  equipment  and  loiters 
the  carrying  capacity  of  the  system.  In  practice>  it  becomes  necessary 
to  perform  the  phasing  operation  all  over  again  at  the  beginning  of  each 
meteoric  burst,  thereby  spending  part  of  the  usefvil  time  on  this  opera¬ 
tion. 


II.  The  literatxare  contains  suggestions  for  regulating  antenna 
bearings  in  accordance  with  the  daily  course  of  the  optimum  transmis¬ 
sion-reception  azimuth  (4,  5)*  Such  a  regulation  of  the  directivity 
permits  to  narrow  somewhat  the  antenna  lobesj  however,  since  the  angles 
of  arrival  of  signals  have  a  very  blurred  (confusing)  distribution  (6,  7), 
it  is  doubtful  that  this  method  will  make  it  possible  to  use  lobes  nar¬ 
rower  than  10-15°. 

This  igrstem  is  based  on  the  slow  regulation  of  directivity  in  accord¬ 
ance  with  the  daily  displacement  of  the  mean  azimuth  derived  from  a  large 
number  of  meteor  bursts  (Figure  lb).  However,  it  is  possible  to  design 
a  meteor-burst  communication  system  with  a  high-speed  regxalation  of  the 
directivity  of  nari’ow- directional  antennas  in  such  a  way  that,  during 
each  individual  meteor  burst,  transmission  and  reception  are  performed 
in  a  direction  corresponding  to  the  position  of  a  given  meteor  track 
(Figure  Ic).  In  such  a  system,  at  the  beginning  of  each  bxirst,  the  lobes 
of  the  transmitting  and  receiving  antennas  are  contracted  (narrowed)  and 
quickly  rotated  in  the  direction  of  the  new  meteor  track.  At  the  same 
time,  depending  upon  the  permissible  complexity  of  antennas  and  control 
units,  the  directivity  can  be  regulated  simultaneously  in  the  horizontal 
and  vertical  plane,  or  merely  in  the  horizontal  plana.  In  lines  of 
medium  or  great  length,  the  major  effect  will  be  achieved  by  regulation 
in  a  horizontal  plane. 

III.  Such  a  system  of  meteor-burst  communication,  which  for  the 
sake  of  brevity  will  be  designated  as  the  BPVM  system  (^stiyy  Prostran- 
stveniyy  Vybor  Meteomogo  Sleda  -  Rapid  space  selection  of  meteor  track) 
must  exhibit  the  following  substantial  advantages: 

1.  The  contradiction  between  the  characteristics  of  meteor  distri¬ 
bution  and  the  required  efficiency  of  antennas  is  eliminated.  There  is 
practically  no  limitation  in  regard  to  the  permissible  narrowing  of  the 
radiation  patterns  of  the  transmitting  and  receiving  antennas,  which  make 
it  possible  to  design  a  meteor  burst  communication  system  possessing  a 
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high  te^ivalant  power  and  liiiilizitid  ,a*  80  .timfe  f  soaring 

sector,  11.18  wil.l  permit  to  ihcre^fe^  0  capacity  of  the  sys-* 

tern,  im-orove  its  stability  against  outride  interferences  0  i0r0- 
ences  caused  by  multibeam  propagation,  and  wiU  also  allw  to 
the  frer-uency  range  adapbed  for  meteoric  communications  by  the  inclusion 
of  higher  frequencies,  while  still  using  low- power  transmitters. 

If,  for  exairole,  by  narrowing  the  antenna  lobes,  the  gain  of  the 
transmitting  antenna  and  the  directive  gain  of  the  receiving  antenna  0 
each  increased  by  6  db  (decibels),  then  the  band  of  the  ^  ,  / 

can  be  widened  (ejcpanded)  l6  times  and  the  initi^  values  of  the  ®3.g0./ 
noise  ratio  remain  unchanged.  IMs  will  result  in  a  corresponding  1^ 
fold  increase  in  the  carrying  capacity  of  the  system  (not  coding  ® 
additional  advantage  resulting  from  the  greater  n0er  of  utilized  0sts 
in  view  of  the  larger  size  of  the  scanning  sector).  The  greater  em- 
ciency  of  the  antennas  can  also  be  utilized  in  another  manner,  00, 
bv  operating  on  the  same  band  and  at  the  same  signaling  speed,  it  is  pos¬ 
sible  to  increase  the  effective  time  factor  prolonging  the  act0  of 
each  burst  and  increasing  the  number  of  utilized  bursts  0a  result  of 
the  reception  of  weaker  signals.  As  known,  the  advisability  of  using 
one  of  these  methods  depends  on  the  statistical  properties  of  meteoric 
propagation  under  given  conditions. 

2.  Variations  in  the  propagation  time  of  signals  can  be  easi^ 
compensated  on  the  basis  of  information  on  the  angles  of  arrival  of  these 
signals . 

Compensation  of  the  spread  in  running  time  will  simplify  the  phasing 
of  terminal  equipment  and  will  also  permit  to  increase  the  casing 
capacity  of  meteor-burst  comrainications .  In  particular,  it  will  be  pos¬ 
sible  to  avoid  a  new  phasing  at  the  beginning  of  each  meteor  hvxst,  and 
to  merely  perform  a  slow  correction  of  the  phase  error  occiurring  over  a 
long  period  of  time  covering  a  large  number  of  bursts. 

3.  In  case  of  a  high-speed  regulation  of  the  directivity  of 
antennas,  aimed  at  creating  the  most  favorable  communication  conditi^ 
for  a  given  route,  the  directional  properties  esdiibited  by  the  mecharism 
of  meteoric  propagation  will  be  utilized  in  a  better  manner.  This  wiU 
funther  reduce  mutual  interferences  with  other  services  ard  other  me^ori 
communication  channels.  The  latter  fact  will  allow  to  i0e  a  more  exten- 
sive  use  of  frequency  repetition  in  order  to  econoMze  the  spectin^* 


It  can  be  expected  that,  in  view  of  the  above  advantages,  the  use  of 
the  BFM  system  will  permit  to  e^and  the  potential  application  of  ^ 
meteor-burst  communications  to  include  stationary  (fixed)  communication 
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lines^  characterized 
merits  on  the  quality 
such  lines  will  have 
constitute  a  serious 


by  a  heavy  (heavy  duty  lines)  and  high  require- 
of  comtiiunica'fei^his  4  Althou^  antennas  jfequired  for 
a  somewhat  mof#  Complicated  design,  this  does  hot 
obstacle . 


In  case  of  a  combined  use  of  a  meteor-burst  system  and  a  cofflmmic&- 
tion  system  based  on  the  use  of  ionoapheric  scabter^g  (2),  the  pVM 
system  will  allow  to  make  effective  use  of  the  complex  antennas  installed 
in  the  ionosjiieric  line  unit,  which,  in  view  of  their  sharp  directivity, 
cannot  be  effectively  used  in  conjunction  with  meteofic  channels  of 
standard  design. 


The  directivity  of  receiving  antennas  can  be  controlled  mch  more 
easily  than  that  of  transmitting  antennas.  It  mi^t  be  esqpedient  to  use 
a  siBqplified  version  (modification)  of  the  system,  which  would  involve  a 
regulation  of  directivity  only  on  the  receiving  side. 

IV.  The  possibility  of  designing  a  meteor-burst  communication  sys¬ 
tem  with  a  hi^- speed  regu3.ation  of  directivity  and  a  constant  signal 
running  time  is  based  on  the  following  premises j 

1.  In  the  majority  of  meteor  brirsts,  the  level  of  the  reflected 
signal  reaches  a  maximum  value,  or  a  value  close  to  the  maximum  value, 
at  the  beginning  of  the  burst;  in  case  of  such  signals,  the  units  con¬ 
trolling  the  directivity  of  antennas  during  the  early  stage  of  the  bwst, 
which  are  compensated  by  retarders,  operate  even  in  the  presence  of  high 
signal/noise  ratios,  thereby  ensuring  stability  of  control. 

2.  In  order  to  ensure  an  effective  operation  of  the  BPVM  system, 
the  operating  time  of  control  units  must  be  considerably  shorter  than 
the  duration  of  the  shortest  meteor  bursts  utilized  in  the  system.  As 
a  preliminary  estimate,  on  the  basis  of  available  data  on  the  relation 
between  the  effective  useful  time  factor  and  the  start  (trigger)  time, 
the  general  operating  time  can  be  assumed  to  be  equal  to  about  10  milli¬ 
seconds  .  At  the  same  time ,  the  effective  band  of  the  control  units 
should  be  of  the  order  of  several  hundred  cycles,  i.e.,  it  must  be  at 
least  <'>n«=^  order  narrower  than  the  band  of  the  modulation  and  manipula¬ 
tion  channel.  This  fact  greatly  conpensates  the  loss  of  noiseproof  fea¬ 
tures  in  the  control  channel,  caused  by  the  fact  that  broad  radiation 
patterns  must  be  used  in  this  channel,  at  least  during  the  initial  stage 
of  control . 


Thus,  the  characteristic  features  of  the  BPVM  system  are  the  use  of 
a  broad  radiation  pattern  with  a  narrow  band  of  transmitted  frequencies 
in  the  control  channel,  and  the  use  of  a  narrow  radiation  pattern  with  a 
broad  band  in  the  information  channel. 
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3.  The  overlapping  of  two  meteor  hursts  occurs  v6iy  rarely, 

BXI&,  as  e  rule,  the  received  signal  has  a  quite  definite  direction 
f:cC  5xrri'v&l>. 

4.  The  s£uae  xasteoric  track  is  used  for  transsnission  and  re¬ 
ception,  and  the  directions  of  transmission  and  reception  required 
for  a  given  point  therefore  coincide.  This  makes  it  possible  to 
orient  the  direction  of  radiation  aecordi.ng  to  the  angles  of  ar¬ 
rival  of  signals  received  at  the  same  point. 

p.  The  inconstancy  (non- uniformity)  of  the  traveling  time  of 
signal-s  caxi  he  cofiipensated  hy  measvixing  the  angles  of  arrival,  of 
these  signals.  Indeed,  as  can  be  seen  from  the  geometrical  sketch 
shown  in  iigm-e  2,  the  length  of  the  propagation  path  is  egiial  to 


L  =  a  +  h  -  1 


sin 

_ _ _ _ B _ 

cos  A  sin  (  OC  +  oc  ) 
f  A  A  h 


(without  taking  the  ciir%'ature  of  the  earth  into  account),  where  1 
is  the  lexigth  of  the  route;  h  is  the  effective  altitude  of  tte  re¬ 
flecting  sector  of  the  meteoric  track;  c<  ^  oc  ^  the 


asimuths,  and  ^  ^  and  fi  ^  exe  the  ■  elevations  of  the  reflect¬ 


ing  track  sector,  observed  from  points  A  end  B  respectively .  In 
case  of  a  given  value  of  1,  the  riglit  side  of  formula  (l)  depends 
only  on  the  angles,  whereby  only  two  angles  out  of  four  are  inde¬ 
pendent  angles,  since  angles  (x.  ,  (X ^  tied 


together  by  two  relations,  for  exaiapls: 

tg  sin  5^^ 

tg  R  sin  oj 

f  B  B 


sinjx: 


B 


sin  (oc^  CK^) 


h 

1 


< 


-  5  - 


fhe  first  relation  is  a  porely  geo®etrical  relation,  vMle 
tte  second  one  reflects  the  fact  that,  daring  meteoric  propagation, 
ell  reflections  occu:r  in,  a  relatively  thin  lisyer,  located  wt  a 
aeiiidt’fi  altitude  (h  =  IOC)  kia),  end  therefore  the  magnitude  h/l  is 
approximately.,  conataat  for  a  given  line. 

In  terms  of  elevation,  L  cani  he  esipressed  by  the  foroula; 


Thus,  for  each  glYen  routs,  the  length  of  the  propagatl.oa  path  L, 

and  consequently,  also  the  propagation  titae  of  signals  X  t  Is 

P 


rletenalned  uniquely  with  a  certain  approximation  by  the  values  of 
say  two  angles  out  of  the  four  ang^Les  ^  jin>  ^  ^ 


order  to  detejmlne  it  is  sufficient,  for  example,  to  knoff  the 

tK’o  asimuths  <X  and  of  >  o^c  the  ssimuth  OC  sM  the  elevation  ^ 

of  oris  point.  Therefore,  hj”  introducing  into  the  ^stem  the  addi¬ 
tional  time  lag  XZ  of  the  signals,  wMeh  is  related  in  a  defini.te 


manner  to  these  two  e.ngles,  it  is  passible  to  fijad  the  total  travel- 
:lng  time  of  the  signals  throu.gh  the  channel,  which  reiBaJ.ns  approxl- 
nifttely  constant  for  all  meteor  bursts: 


X  ~  Tp  't^isjconst. 


The  selection  of  angles  which  are  most  convenient  for  control¬ 
ling  the  additional  tiise  lag  depends  on  the  length  of  the  route, 
on  the  statistics  of  the  angles  of  arrival,  on  the  resolving  power 
of  the  antennas  in  a  horisontsl  and  vei’tical  plasse,  and  on  the 
techaioal  potentials  of  the  equijaasnt..  The  use  of  elevation  angles 
is  only  expedient  in  case  of  short  routes,  if  Itorge  smgles  ^  ai’e 
frequently  observed. 

¥i;ien  the  di.J.'ectivity  is  regulated  only  in  the  horisontal  plane, 
the  azimuths  (X  ^  end  OC  ^  are  only  determined  in  the  iqrateBi.  In 

this  case,  in  order  to  find  the  necessary  aadi.tional.  time  lag  X,i , 
a  mtujil  exchenge  of  infonaation  on  asimiths  between,  parties  is, 
geaerally  speeklns,  necessary,  as  can  be  seen  fi’om  the  staucture'  of 
forsnils  (l).  If,  on  the  other  hajid,  the  system  also^  contains  indi¬ 
cators  of  elevation  anjsies,  then,  as  can  be  seen  from  foimtLe  (2), 
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one  can  rely  at  each  jpoint  only  on  the  elevation,  which  is  deter- 
ailned  at  a  given  point,  and  an  exchange  of  information  concerning 
angles  is  no  longer  necessary.  However,  ia  order  to  obtain  the 
neceasaiy  accuracy,  it  iiii,ght  be  necesE&ry,  even  ia  this  case,  to 
utilise  the  infoxffiatloii  on  aaiiauth's  to  deteiinine  the  req;uired  tiae 
lag,  althbu#  tills  cfea  be  done  without  es^  exchange  of  information. 

m  case  a  lower  accuracy  of  coa^«nsatlon  proves  to  be  satis¬ 
factory,  it  is  3&ossib3.e,  particularly  in  case  of  long  routes,  to 
simply  estimate  the  necessary  time  leg  according  to  the  asimuth  at 
each  separate  point,  by  introducing  a  time  lag  both  at  the  trairs- 
aitting  exid  receiving  end  of  the  channel  independently,  without 
exchaiiglng  ixd:'o:mation  on  aslmths.  Shis  is  possible  in  those 
esses,  when  tiie  right  side  of  foriJiu2.e  (l)  can  be  expressed  with 
the  neceessiry  accuracy'  as  a  sum  of  two  fmetions,  whereby  each  of 
these  fimctions  depends  only  on  one  of  the  eKiButhsj 

f  (oC^)  +  f  (0C3) 

Ot-her  variations  and  simplificetionB  are  also  possible. 

In  case  of  a  stricter  approach  to  the  problem,  when  the  curva¬ 
ture  of  the  earth  is  considered,  the  geoKtetric  aspect  of  the  prob¬ 
lem  becoBKiS  much  swre  complicated;  however,  the  basic  principles 
mentioned  above  retain  their  velldity  and  be  suammiirized  as  fol- 
lowf3,  !13ie  path  le3sgth,  and  therefoie  the  traveling  time  of  the 
signals,  81*6  determined  by  two  out  of  four  angles  of  arrival  1  if 
only  the  errimuth  is  mssasirred  in  each  point,  then  a  mutuel  exchange 
of  ii3formation  on  azimuths  is  necessary  In  order  to  deteradne  the 
traveling  time;  when  the  elevation  is  measured,  no  exchange  of 
Informtion  is  required;  information  on  one  azimuth  at  each  point, 
without  aiy  exchange  of  information,  might  be  sufficient  for  an.  ap¬ 
proximate  (rough)  estliaate  of  the  traveling  time. 

Tlie  time  lag  (delay)  of  signals  can  be  estimated  directly  by 
meaaiu^ing  tlisir  traveling  time.  However,  under  the  conditions 
prevailing  in  meteor- burst  comftUKics,tions,  a  single- valued  (unam- 
blguoiis)  determination  of  the  tlffiffi  lag  based  on  the  direction  of 
arrival  of  reflected  signals  may  prove  to  be  a  faster  procedure  in 
case  of  equal  noiseproof  features.  Ifbie  combined  use  of  both  methods 
is  possible,  nai.«ly  a  rou^  estimate  of  the  travel  time  based  on  the 
angles  of  arrival,  and  a  laore  accurate  estimate  based  on  a  ten^rary 
(or  time)  indication. 
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